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INSTRUCTIONS FOR INSTALLING AND 
OPERATING EDISONj BIPOLAR 
GENERATORS. 



LOCATING AND SETTING OF GENERATORS. 

The only proper location for an electric generator is a cool, dry, 
well ventilated room, free from dust or flying particles of any kind. 
Basements, unless well drained and well ventilated, should be avoided. 

Provide a substantial foundation of timber or mason work and 
see that it has a suitable footing and is sufficiently heavy and well 
bom led to check all vibration of the machine. 

Take care to guard against irregular settling or distortion of 
foundation which will throw the armature out of line with the driving 
shaft. In locating the foundation provide for an easy access to all 
pai ls of the generator, and allow for sufficient distance between pulley 
centers. (Sue table opposite page S.) 

In constrm ting the foundation, provision is to be made for the 
anc nor bolts fastening the wooden base frame. 

The base frame is made of well seasoned timber and should 
receive several coats of hot asphalt varnish before setting. On this 
frame the sliding rails are placed to allow for moving the generator 
and adjusting the bell tension. The frontispiece shows the rails and 
the shitting screw. 

The wooden frame serves the very important purpose of insulating 
the machine trom the ground. 

Si t the generator, if possible, so that the belt pull will come on 
the under side of the pulley. 

B. O. I. _'7a. 



I)u not bolt the rails to the base timbers until the armature shaft 
ceii lined up with the- driving shaft, the belt put on and the 

generator run for a time, to insure that the alignment is correct 

When the generators are located on a floor above the driving 
.1 lifting device is used instead of the rails for regulating the 

belt tension. 

ASSEMBLY OF THE GENERATOR. 

''arts ' 1 generators, when marked, should be assembled strictly 
according to the marking. 

K " irts of the apparatus clean. Tin surfaces of yoke and 

field blocks must be carefully wiped and cleaned before bolting on 
- oil or dirt in the joints will reduce the strength of 

the magnets. 

atun and field (oils must be handled carefully, as any 

■~ of the insulation is likely to cause serious trouble when 

current is put on. 

- : i < armature, use the methods shown on pages o and 
" A an) w< ight to i ome on the i <>n, mutator, ma te 

an instant. 

- t" 1* laid on the floor, pal i thfc k pad of 

sacking or a bag of shavings under it. 

Diagram No. 13038 gives th< weight, and other data, OH armatuim 
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3pe< ial care must be observed to have the pillow blocks carefully 
idjusted. the surfaces < lean and well oiled, both on shaft and bearing, 
>efore fitting together. 

1 1 is quite import. ml that before a new generator is put at steady 
work it should be hist run a few hours at slow speed, which may 
grradualrj 1" increased to the maximum. During this trial run 
without i m i m. ( areiully attend to the bearings, correct any tenden< \ 
to heating b\ a liberal supply of oil and scrape the shell if absolutely 
necessary, but the greatest care must be exercised in doing so * 
Make sure that all these things are in perfect condition previous to 
putting the generator at work on the circuit. 

After getting a new generator ready to run, having made all the 
electrical connections (except between it and the bus line), start it up, 
charge the field, and make it generate sufficient current to light its 
pikri lamp This will assure you that you actually have it in proper 
condition for producing a current. Having satisfied yourself on this 
point the connection can be made to the bus line. 

* See special instructions on starting new self-oiling bearings, page 21. 
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CLI VM.IM-SS AH( M 1 l lll: OINERATOR IS 
I.SMA HAL. 

\ll p. in- ol the generatoi should be kept neat and clean. Dirt, 
coppei dusl Mid Oil should not, under any circumstances, lie allowed 
io nthci on mm p.m. especially in crevices near those parts which 
in cam in^ < in i ent . 

( opper dull in even small particles maj be a source of much 
aiUIOyanc< 11 is ver\ detrimental to the generator, and will seriously 
endangi I the durability ol the insulation on magnets and armature. 
Oil i mis, t.x.ls. bolts an 1 pieces of iron should be kept away From 

the genera toi as the\ an liable to be drawn into the field and injure 
the armature. 

A good rule is: AV?rr iiiio-w <r foose <trh\/s of any kind to iw 
/>/(t t ai upon any portion of a om<rator. 

The} Hi not onU liable to be drawn in, but to Eall upon the 

u matui e oi i ommutatoi 

Bi is oi * oppei oil « .ins ;\re best to use, as they are non magnetic. 

swim I U.S. CONNECTIONS AND CONTACTS. 

\ large clean surface contact is necessary. 
The contact surfaces <»i switches and all connections should be 
sufficiently firm to secure good conductivity, and be kept clean and 
bright, Ml connecting screws should be set firmly and securely 

down 

When tlu generate] is not in operation leave the switch open 

\ll contacts ;ind connections should be frequently inspected, while 
il, r generatoi is in operation, to see that there is no undue heating, 
, nu l ihould be gone ovei thoroughly at intervals to detect an\ loose 
or inst i in t < < »iiih ( 1 1 * his 
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TABLE 

Showing Diameter and Face of Pulleys, Belt Widths, and Minimum 
Distance between Center of Engine and Generator Pulleys for 

Edison Standard Generators. 
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SPEED. 

In order to produce the most satisfactory results the generator 
must be run at its normal speed. 

The highest efficiency of the generator is obtained only when 
running at its proper speed. If the speed falls off, the magnetic field 
must be made stronger in order to keep the pressure up, and a largely 
increased amount of current is required to secure a small increase 
pi strength in the magnetic field. The result is that the efficiency 
diminishes. (See list of speeds, page 16.) 

OIL. 

The high speed at which the machine runs requires a lubricant 
especially adapted for such speeds. Uniformity of rotation and 
absolute reliability are of first importance. 

The value of an oil depends more upon its power to reduce 
friction and prevent the excessive development of heat, than upon its 
market price. Cheapness can never compensate for inferior quality. 

The characteristics which should be possessed by the oil in order 
to be most efficient as a lubricant for generators are: 

1. Sufficient density or body to keep the surfaces, between which 
it is interposed, from coming in contact under greatest pressure. 

2. The greatest adhesion to metallic surfaces, and the least 
cohesion in its own particles, are qualities of the best oils, and in this 
r spect fine mineral oils stand first. 

3. The fluidity of the oil should be as much as is consistent with 
She above conditions. 

Keep the oil free from gritty matter. All foreign matter injures 
the quality of the oil, and tends to increase the heat of bearings. 
New oil should always be filtered. 

Economy in the use of oil depends largely upon the method of 
applying it. By the use of oil cups with adjustable feed a perfectly 
uniform supply of the minimum safe quantity can be applied to the 
journal. 
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Careful experiment will show how many drops of oil per minute 

are required for proper lubrication. 

Oil. after passing through the journal, is drawn off from the 
interior of the pillow block. If of good quality, it has not deteriorated. 

and may be filtered and used over again. 

CARH OF OIL CUP BEARINGS. 

Attention must be given to the oil cups and bearings of the 
generator while running. The supply of oil should be constant ami 
of the minimum amount required for perfect lubrication. 

Watch the bearings on a new generator very closely for a few 
days and use oil liberally. 

After a machine has been in operation a feu days, all bearings 
should be made to work at a normally low temperature. 

Under proper conditions no reasonable excuse can be offered or 
ted f<»r abnormal heating. [f it exists, it needs immediate 
investigation and remedy. 

After being in operation a short time, a certain amount of heat is 
imparted to the bearings by the armature— any undue heating aside 
from this requires an immediate remedy by the attendant. 

The temperature may reach blood heat when running with full 
load. The commutator bearing may be expected to become Blighth 
warmer than the pulley bearing. 

Undue heating may result from a variety of causes. Among 
may be mentioned insufficient quantity «-r poor OUalkj of oil. 
dirt or gritty matter in oil, a badly scraped bearing, rough journal, 
boxes too tight, belt too tight, an armature shaft slightly bent, 
bearings out of line, or generator overloaded. 

If from any cause a bearing becomes unduly warm, a liberal 
supply of oil may be sufficient to < heck the heat. If it -ets < ery hot 
the cap screws should be slightly loosened, the oil cup removed, and 
" ; ' '"I' d in water, plentifully applied. It is not advisable, however, 
to use water on the interior of the bearing unless sure tint it is free 
from dirt or gritty particles. 
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The cause of the heating should always be ascertained and 
remedied, and the boxes removed, cleaned, scraped, and accurately 
refitted before starting up again. 

After removing a pillow block be scrupulously careful in replacing 
to see that the contact surfaces and steady pins are free from grit, 
fibres of waste, or any kind of dirt. 

If the bearings should become considerably worn, there is danger 
that the armature may rub on the bottom or side of the field blocks, 
and loosen the binding wires, which is sure to ruin the armature. By 
observing the position of the armature in the field, it may readily be 
seen whether the bearings are worn down to any considerable extent. 

A small amount of wear downwards may be remedied by raising 
the pillow blocks with a piece of cardboard or sheet iron. If they are 
badly worn, or worn sideways, the bearings should be rebabbitted. 

BEARINGS OUT OF LINE MAY BE DUE TO: 

1. An uneven foundation causing a distortion of generator base; 

2 . Improper setting and bolting of the pillow blocks: 

3. Improper fitting in place of the babbitt shell. 

BOXES TOO TIGHT. 

This can be remedied by loosening up the nuts holding cap of 
pillow block : a layer of cardboard of proper thickness may be 
inserted on the joint under cap and the nuts screwed down. 

BELTS TOO TIGHT. 

CAUSES. 

1. Abnormally short belt. 

2. Belt of insufficient width. 

3. Belt of poor quality or lacking in thickness. 

The pulleys on all generators have been carefully proportioned 
so that when belts are applied according to specifications, the full 
load can be pulled without trouble. 
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BENT ARMATURE SHAFT. 

This is a rare occurrence, and can be remedied only by a 
competent machinist. 

A sprung shaft should be straightened very carefully in a lathe. 
J n springing it true, a pad of cloth or waste and a block rounded to fit 
armature body should be used between the end of pry and the 
armature. This is an operation requiring care, as the insulation is 
liable to be jammed. 

OVERLOADED GENERATOR. 

This would cause excessive strain on belt and a necessary 
tightening thereof; also an abnormal heating of armature, and the 

in reased internal heat conducted to bearings. 



SELF-OILING BEARINGS. 




Fig. 3 



A new self-oiling bearing tor generator* ha* been devi>ed which 
aims to secure absolute reliability against heating, as ivi i! as perfe< I 
and et onomi< .il lu ! »i i< ition. 

Little attention is required, and there is mui h less danger ol 
undue heating than with the ordinary bearing 

rhej can be ntted to existing generators Ln plate ol the «>M 

bearings, and are great savers of oil. 

With the construction shown in cut, the revolving rings 
from the reservoir to both ends of the sleeve a continual supply ol oil 
Which i* swept, l>\ the action <>f the revolving shaft. <>n th» - 



towards the center of the bearing, w here it is collected by the central 
groove and returned by the hole to the reservoir, where it has time to 
settle and cool. By these means a continual circulation of oil through 
the bearing is automatically started, kept up and stopped by the 
motion of the shaft, the bearings requiring no attention beyond a 
periodical examination and. when necessary, renewal of the oil, which 
may be drawn off from the reservoir by a pet cock. 

This bearing will only act for running in one direction. To run 
the shaft the other way the sleeve would have to be turned end for 
end. It is. therefore, imperative that the bearings be correctly put 
together. For this purpose an arrow is stamped on the upper surface 
of the ball bearing of the sleeve, and the latter must be set so that 
looking down on the bearing the upper surface of the shaft runs in 
the direction that the arrow points. 

The bearings should be examined once a week, although the oil 
does not require renewal as often as that. 



NOTE. 

Extra care and attention must be given to starting a new- 
generator with self oiling bearing, or in first use of these new bearings 
on an old generator. Watch them carefully and give frequent 
attention until you are sure that no undue heating will be developed. 



CHARGING FIELD MAGNETS. 

At the factory the Edison bipolar generators are wound and 
charged in such a manner that the positive < + ) current will always be 
derived from the under brush, ii the inside end of the K.H. magnet is 
connected to that brush. 

Any change in the direction of rotation of the armature is 
compensated for by alteration of the magnet connections on the head 
board. A generator having been once magnetized should always 
thereafter retain sufficient residual magnetism to charge itself.' If 



through accident or otherwise it should become demagnetized, it may 
be again charged by current from another generator or a gravity or 
bi-chromate battery may be used. 

In charging field magnets with a battery the copper or carbon 
plate is to be applied to the terminal connected to the under brush. 
One cell of storage battery, two of bi-chromate or Bunsen, or six of 
gravity or Le Clanche should be used. The generator current is 
more satisfactory. To determine the + pole in the case of the 
generator current, use the ordinary test paper, or put both ends of the 
wire into a glass of water. Roth wires will give off bubbles of gas, 
but the + much less than the — . In testing the generator current a 
lamp should always be placed in circuit with the testing wires to 
prevent a short circuit. 

In charging the magnets the positive pole of the battery is 
connected to the terminal of the inside wire of the right-hand coil, 
facing the head-board, and the negative pole to the left-hand coil. 
This will make the right-hand pole a south pole, and the left-hand 
pole a north pole. 

In the Central Station generator there are four binding posts for 
the tield lines, two at each end of the switchboard. (See diagram 
No. 13006.) 

The inside terminal of each coil is brought to one or another of 
these posts according to the direction of rotation. 

It the armature revolves from right to left, the terminals of the 
field magnets must be connected to the inside posts. The left or 
under brush will then be positive, and the right or upper negative. 

If the armature revolves from left to right, the magnet terminals 
must be connected to the outside posts. The right or under brush 
will then be positive, and the left or upper brush negative. 

The two outside wires of the field magnets should be brought to 
connecting plates on back board of generator, to which the wires 
from the regulator are attached. 



In both cases, when the magnets are charged, so that the right- 
hand pole is the south pole, and the left-hand the north pole, the 
under brush is positive. 

The polarity of the coils should never be reversed. 

If by any chance the polarity of the field magnets becomes 
reversed, the field connections remaining as above, the conditions 
described will be reversed. 

The polarity of the wires is reversed either by reversing the 
polarity of the field magnets or the direction of rotation of the 
armature. 

Reversing the polarity of a generator docs not impair its efficiency 
TESTING FIELD AND ARMATURE. 

The generator must at intervals be disconnected from the circuit 
and throughly tested to make sure that the armature and field wires 
are free from leakage between the windings and the base. This test 
should be made at regular intervals with a Galvanometer and 
Rheostat, and a record kept of the readings. 

If a galvanometer is not to be had, use a magneto bell. 

The insulation between the body of the generator and all parts of 
the circuit must be perfectly maintained. Avoid loose coils or loops 
in the field connections. If the insulation on the flexible cables 
leading from brushes becomes worn after long use have it renewed. 

A standard insulation of one megohm should be maintained 
from armature and fields to base and from base to earth. 

The faults which are liable to occur in both field magnets and 
structure coils are as follows: 

A cross between separate coils, or turns of a coil which are 
side by side, or cross each other. 

When this occurs in magnets a portion of the coil is cut out, and 
its strength is diminished. A fault of this kind in the armature 
results in a loss of power, and possibly in burning out of the faulty 
coils. 
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A generator may still work with a large part of its field coils short 
circuited. Such a condition is shown by one magnet coil getting 
hotter than its mate, accompanied by sparking at the brushes. 

I ach coil of armature and each side of field magnet should be 

separately tested. 

If a magnet coil is grounded at two points the current is shunted 
around a portion of the coil, as in the first case. 

If two armature coils of considerable difference of potential are 
urcunded on the core, they will probably be burned out. and in any 
event will reduce the power of the generator. 

In either case the fault may be detec ted by testing the insulation 
"' tin- i nil. I .At h coil of armature must be tested separately. 

The insulation resistance of the whole armature to ground may 
be first given. 

In stations operated less than twenty-four hours per day. a careful 
test should be made for crosses or grounds before steam is turned on. 

This test should be made sufficiently early to insure the correction 
oi the trouble (should any be found) before the hour of starting the 



station. 

In starting, the generators connected with the system should be 
run>ithout pressure and gradually raised to proper E. M. FY; this 
w ill develop any fault originating since making test, and before anv 
■1-nnage is done to either the system or apparatus. 

The positive and negative sides of the system should be 
prominently indicated on all the conductors and electrical apparatus 
in the station. 

A good plan to follow is for positive, use letter "A" in red: 

negative, use letter " Ii " in blue. 

The electrical apparatus of the station should be so arranged 
that a circuit switch is provided for each generator. 

This circuit switch should be used for throwing the generator in 

and out of circuit. 



( >n C. S. generators a changing switch is mounted on the machine, 
and should not only he used for changing the generator over from one- 
side of a three-wire system to the other, but should be used for 
throwing the generator in and out of circuit. 

Each side of the switch should be prominently lettered to indicate 
r spectively the "A " and - B*' sides of the system. 

OPERATING A PAIR OF GENERATORS IN SERIES. 

Before starting up a pair of generators, inspect thoroughly every 
part, and have brushes, switches and connections in perfect order. 

The engine should be gradually warmed and started a short time 
before the generators are needed, and kept turning slowly. They are 
then in readiness for instant use when needed. 

If this precaution is omitted, trouble is likely to result in the 
hurry and confusion of a sudden demand for light. 

The following order of procedure should be observed for 
starting up: 

1. Fill oil Cup and adjust feed. (If old style bearings are used.) 

2 . Get full speed on engine and armatures of both generators. 
Be sure that all switches are open, belts properly tightened, and 
everything in perfect order. 

3. Adjust the brushes to both commutators. They should be in 
NO. 3 position as shown on page 33. 

4. Make sure that the fields of both generators are charged up 
properly. The strong attraction of a piece of iron will indicate that 
the field is made. 

If a generator is thrown in multiple with other generators before 
its field is charged, a short circuit will be formed through its armature, 
and it may be burnt out. 

5. Throw in generator galvanometer on first generator, and 
regulate pressure to the proper electro motive force. 

One side of the generator galvanometer is connected to the 
neutral "Bus."' The other side is connected to a switch, from which 
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UNEQUAL DIVISION OF LOAD. 

In the case of a pair of generators in series on the three-wire 
lystem, the division of load will depend on the balancing of the lights 
on the system, as well as on the pressure between the two sides. If 
pressures are all right an unequal division would indicate an 
unbalanced condition of the system which should be at once corrected. 

If a generator is in multiple with another it may, if its pressure 
is too high, assume a portion of the load of the second generator, or 
even drive it as a motor. Overloading of the generator and heating 
Ol the armature" is the result. 

The obvious remedy is to regulate the pressure at once from the 
resistance boxes, by throwing resistance in the field of the first and 
throwing i t out of the field of the second. This must be done very 
gradually. 

When throwing a generator out observe the pressures on the 
system, and adjust the regulators of the remaining generators to keep 
the pressure at the proper point, also adjust all brushes to the 
increased load. The loads on both generators should be worked 
down together, and the second generator cut out as soon as possible 
after the first. 

Generators should never be switched out on full load, except in 
case of extreme emergency. 

The brushes should not be raised until the lamp on the headboard 
ceases to show incandescence. If this point is neglected the discharge 
oi the field magnet coils may break the lamp, jump to base of 
machine or cause other trouble. 

Having thrown out both generators, raise the brushes and clean 
and polish the commutators (if necessary) before stopping the engine 
in order to have them in readiness for the next run. 

Shut down the engines slowly, and stop the oil feed. 

The generators should then be thoroughly cleaned of oil, dirt and 
copper dust, and put in perfect order for the next run. 
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The engine should never be slowed down before the circuit 
switches are thrown out. Failure to observe this rule may result id 

burning out armatures. 

Make sure that the open switches and lifted brushes are securely 
fixed in position against any chance of getting loose and unintention- 
ally closing the circuit, which might result in serious damage. 

IN SHUTTING DOWN FINAL PAIR OF 
GENERATORS. 

In shutting down a system when only one- pair of machines are 
running, shut down the engine and do not touch the resistance 1 ox. 
If this method be used there will be practically no sparking or 
adjustment of brushes required. Operate switches, and lift the 

brushes. -1 

COMMUTATOR. 

Special care and attention must be given to the commutator. 

The perfect or imperfect condition of the commutator in a 
central station is strong evidence of the competency or incompetency! 
of the attendants. There is a certain knack in caring for m 
commutator easily acquired by any < areful and painstaking man. 

Prevention, not cure, is the i orri i t rule for commutator troubles. 
The life of a well cared for commutator should not be less than two 
if continuous running, and maybe more. A little roughness is 
easih removed, but if allowed to increase it will soon be too late foa 
any remedy except the lathe. 

ommutator should at all times present a dean and polished] 
surface and a true circumference. It is in its best condition when 
It presents a dark glazed surfa( e, free from scratches. If accidentally] 
scratched it may be polished with No. oo sand paper moistened witM 
a drop of sperm oil or vaseline, and « leaned w ith a piece of cam is or 
chamois skin. Kmery paper or emery cloth should not be used to 
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scour the commutator, as the fine particles of emery, settling in the 
divisions between the bars, will cause short circuiting at the 
commutator. A file should not be employed except for special 
purposes. 

Waste should not be used to clean the commutator, as the lint is 
apt to get under the brushes and cause sparking. 

Avoid the use of all special kinds of grease or wax offered for 
sale for use on commutators; they do much more evil than good, and 
should not be permitted in the station. 

If the commutator is but slightly rough or uneven or out of true, 
it may be ground down by the use of sand paper in a block hollowed 
out to fit its true circumference. If in very bad condition, however, 
it should be turned down with a tool and special rest made for the 
purpose. 

For turning off commutators a slide rest can be obtained from the 
Schenectady Works and is made to attach to the generator bed. 
This will save removing the armature, provided a proper slow speed 
can be had. If an armature has to be removed for any cause the 
greatest pains must be taken in handling. Armatures are often 
burned out because of some blow or bruise received from careless 
handling. 

Do not lay an armature on the floor unless some sort of cushion is 
placed underneath. Armatures should be lifted and carried by the 
shaft as far as possible. 

In turning off commutator the cut should stop before reaching 
the end of the bar. This is important to preserve the insulation and 
to keep the iron collars intact for receiving a new set of bars. 

The amount of wear on commutator which may be allowed before 
sending to shops for repairs depends on the depth of the commutator 
bars, and the amount of current they are required to carry. This 
Varies in different machines. 

The safe depth to which the commutator may be worn in each 
machine should be known, and a new commutator supplied before the 
dangerous point is readied. 
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The following table shows the original diameters of commutators 
and the diameters to which they may be safely worn for different sizes 

of generators : 

COMMUTATORS FOR EDISON BIPOLAR DYNAMOS. 
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It is assumed that the diameter is kept the same for the whole 
length of the commutator, and that the section of the bars at the 
dangerous point is just equal to the section of the wire of the 

armature. 

It sometimes happens that a bar in the commutator will spring 
up and stand a little higher than the rest. This will cause the brush 
to vibrate, and occasion sparking on account of imperfect contact. 
The generator should be stopped as soon as possible, and the high 

bar carefully filed down to a true circumference. 



THE NEUTRAL POINT. 



The neutral points of a generator are those positions on the 
commutator between which the difference of potential is the greatest 
and where there is the least difference of potential between adjacent 

liars. These points are diametrically opposite. 

The position where there is no sparking of the brushes, or the 
non-sparking point, does not exactly coincide with the neutral point 
when there is a load on the machine. The non-sparking point 
advances faster than the point of highest electro-motive force, and 
they are further apart the greater the load. 

The neutral point changes with the change of load. With a 
slight load the neutral point is near the extremities of a horizontal 
diameter. As the load increases the neutral point moves forward in 
the direction of rotation, and the brushes must be advanced to the 
non-sparking point. 



ADJUSTMENT OF BRUSHES. 

In order to maintain the commutator in proper condition and 
reduce the wear to a minimum, it is vitally necessary that a proper 
adjustment of the brushes be secured. They should work absolutely 
free from sparks. Any sparking whatever indicates a bad condition 
of the commutator or defective adjustment of the brushes. 

Woven wire brushes can be used in the standard brush-holder by 
removing the trough and stiffening the brush with strips of hard 

copper, called " brush guides/' 

The brushes .should be firmly fastened in the holders in order to 
insure good conductivity and avoid heating, and placed at the proper 
angle to secure the best contact surface. 

The end of the brush should be carefully beveled so as to 
conform accurately with the surface of the commutator. The brush 
should bear lightly upon the commutator, and every part of the 



beveled end should rest upon it. The pressure should be just 
sufficient to insure good contact and avoid all cutting and scratching. 

One of the worst causes of sparking is lack of pressure of the 
brush on the commutator, caused by improper setting of the brush 
holder stud or by allowing a brush to wear too short. The proper 
angle of the end of the brush is about 45 degrees. To maintain this 
as the brush wears it must be pushed forward in the holder from time 
to time. If this is not attended to, the brush holder will be held up on 
the stop pin. pressure is relieved and imperfect contact or none at all 
is the result. 

When at rest the brushes should always be raised from the 
commutator, and held away by the clips provided for the purpose. 

If left in contact with the commutator they are liable to be 
injured or perhaps ruined by an accidental reversing of the direction 
of rotation. 

The ends of the brushes, where they rest upon the commutator, 
should not be allowed to become dirty, rough or ragged, nor should 
the strands be allowed to spread. 

The brushes should at frequent intervals be removed, edges 
trimmed, ends riled and reset. 

They may be cleaned from oil by washing in benzine. 

Bipolar generators can be operated under full load with absolutely 
no spark at the brushes. 

It is very necessary that persons in charge of generators fully 
appreciate this fact, and always aim to secure this condition of 
operation. 

A generator in operation with a spark at brushes is prima facie 
evidence of carelessness or ignorance on the part of the attendant, 
and no central station manager should tolerate such a condition of 
affairs or accept any excuse whatever for its continuance. 
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COPPER WOVEN WIRE BRUSHES. 
EDISON BIPOLAR. 
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Before starting: up, the brushes must be adjusted so that their 
ends rest on the commutator at diametrically opposite points. 
Opposite bars of the commutator can be found by counting them. 



Tabli Giving Number of Sections In Commutators of Different Sizes <>t 

(ienerators. 



Kw. 






8.5 


ts 


15 


20 


L'5 


30 


45 


60 


100 


L50 


Sec- 
tions. 


44 


58 


48 


50 


48 


86 


86 


58 


« 


:*) 


48 


41 



As a result of the brushes not being diametrically opposite, it will- 
be impossible to get them both exactly on the neutral point, and a 

spark will be produced. 

Sparking at the brushes results from a variety of causes. 

Sparking is expensive and detrim jntal chiefly because it results 
in burning the brushes and commutator, hastening their frequent 
renewal. Even spark consumes a particle of copper, torn from the 
commutator or brush. The longer the sparking continues the greater 
becomes, and the remedy must be applied without delay. 



SPARKING, CAUSES AND REMEDIES. 

i st C. Brushes not set at neutral point. 

K. The brushes having been previously set diametrically 
site, they can be readily adjusted to the neutral point by moving 
the rocker arm backward or forward until the non-sparking point is 

2d C. Brushes not set at diametric all) opposite points. 

K. Great rare must be taken to have the brushes set 
diametric ally opposite before Starting, as their readjustment while 
running is troublesome. If am individual brush sparks while the 
other brushes are working perfe. tly. it is out of alignment. 

To adjust, shift brush in holder until non-sparking point is 
reached. 
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3d C Brushes set so as not to get full bevel to the circum- 
ference of commutator. 

R. If brushes are set crooked, and do not bear evenly on 
the commutator, sparking is apt to result. Readjustment must be 
m ule to secure full face of brush at proper bevel. 
4th C. Brushes set with insufficient pressure. 

R. This fault can often be remedied by increasing tension 
on spring in brush holder. 

If all brushes on same side have too little pressure, loosen large 
nut on end of brush-holder bar and turn bar slightly toward 
commutator, tighten nut firmly and give careful attention to adjust- 
ment of spring. This can be done when generator is stopped. 

5th C. Brushes spread apart and filled with dirt and oil. 

R. Oil and copper dust and dirt will fill in between the wires 
and spread the brushes. All this can be removed by a thorough 
washing in benzine or a hot solution of sal-soda water, or strong 
potash water. With proper care this will not require to be done 
oftener than once a week. 

6th C. Brush having loose or crooked wire on edge. 

R. Loose or crooked wires on edge of brushes are usually 
caused by careless management in putting brush in holder. 

If this trouble occurs accidently while in operation, carefully bend 
the loose wire back and clip it off close to the body of the brush. 

Any loose wire causing sparking should be removed. 

7th C. Brush with hard burnt ends, which destroy its pliability 
and increase the resistance at contact with the commutator. 

R. Brushes, it mi badly burned that pliability is lost, must be 
thrown away: but, if still pliable and of sufficient length, cut off the 
burnt portion and file to proper bevel in the brush filing jig. 

8th C. Commutator bars loose, high or low. 

R. A single high bar in the commutator will vibrate the 
brush, causing poor contact, and consequent sparking. A heavier 
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tension must be applied to the spring of the brushes until the run is 
over. As soon as possible the generator should be stopped and the 

high bar carefully repaired. 

If commutator bars are loose, screw up the ring at end of 

commutator. 

If bar is high, set it down in place with a wooden mallet and 
screw up the ring. 

If bar is low, screw the ring up firmly in 'place and turn the 
commutator down to a true circumference, or grind it down with sand 

paper in a hollow block. 

9th C. Loose connection between armature coil and commutator 

bar. 

R. A loose or broken connection between commutator and 
armature coil will cause a peculiar blue snapping spark, just as the 

bar leading to it is passing under the brush. 

This will show itself on the particular bar having the loose 

connection. 

This spark cannot be wholly remedied while running. The spark 
may be diminished by setting one brush on each side a little in 
advance of the other. The generator should be stopped as soon as 
possible and the connection of the armature carefully examined and 

any loose joints properly repaired. 

Take off covering over connections, loosen screws holding 

connections together. 

See to it that the soldering on joint is thoroughly sweated in, and 
the little pocket holding ends of wire is filled with clean solder making 

a perfect joint. 

Clean all surfaces, tighten up screws firmly, and renew canvas 

covering over end of armature. 

Be sure that this covering is always strong and whole, do not 
permit it to get ragged and let in copper dust. 

10th C Section short circuited, either in commutator or armature 

coils. 
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K. This fault cannot be repaired in station unless there is 
an expert man on hand who knows how to wind an armature. The 
armature will probably require to be sent to district office for repairs. 

nth C. Armature damp, with consequent short circuiting of coils. 
R. A damp armature can generally be dried out by setting 
it near a stove or steam radiator, where it will be exposed to moderate 
heat. 

i zth C. Short circuit or cross on outside system. 

K. A cross will cause brushes to spark and sputter severely. 
The cross must be burnt out promptly. 

13th C. Commutator dirty, oily, rough, worn in ridges, or out of 
true circumference. 

R. Oil and dirt can be wiped orf with a piece of canvas or 
chamois: then polish commutator with fine sand paper. Ridges 
should be scoured down with sand paper. A commutator out of true 
■mid be turned down with a too! and slide rest, using a slow speed 
and a fine cut (see specii- ; : 

14th C, Generator overloaded. 

R_ Hues cause of sparking is easily detected at the ampere 
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If the lamps connected on the system are so great in number as 
to cause an overload of all the generators even' night, then an 

additional pair of generators should be ordered at once. 

15th C. Armature coils or commutator sections short circuited 
by accumulations of copper dust. 

R. An examination of some generators would lead a man to 

believe the machine was constructed for the purpose of producing 

copper dust. 

The accumulation of copper dust on a generator and its gradual 
penetration into the coils of armature and fields, is often the real 

cause of serious accident and expensive repairs. 

This is one of the principal features which denotes carelessness j 
and inefficient management, and an utter lack of appreciation of the I 
importance of cleanliness about generators and electrical apparatus/1 

The remedy is easy to apply: the generators must be kept clean 
of oil and copper dust. 

Should the operator not be perfectly familiar with the work 
timed in any of the remedies suggested in the foregoing, he should 
not undertake it. but return the apparatus to the nearest repair shop 
* the General Electric Company, where proper facilities are at hand 1 
ior doing such work. 

FAULTS AND ACCIDENTS. 

It is only in times of accident that we develop in a central station 
superintendent some of the most necessary qualifications for this 
work, or that his inability is made manifest. Presence of mind, calm ' 
judgment quick action-all combined -enabling him to do just the j 

t thing ln an emergency on the spur of the moment, are all 
important. j 

When accidents happen in an electric light station they come 
qmck. and no time is to be lost in applying the proper remedy. 

Expenence and perfection of system have enabled us iargelv to 
avo.d troubles which in early days were of frequent occurrence 



The faults and accidents to which generators are liable are very 
rare, and may be largely avoided by careful inspection and proper 
car.. When accidents occur, the cause must he quickly perceived 
and the remedy intelligently applied. 

The following are some of the disorders: 

BURNING OUT ARMATURE COIL. 

This may be occasioned by overloading the armature, causing 
the insulation of the coils to give way, and is indicated by the 
armature suddenly beginning to smoke. The coil is thus rendered 
useless. As a temporary makeshift, the injured coil may be discon- 
nected from the commutator, the ends insulated with tape, and the 
two adjacent bars to which the coil was connected, joined to each 
other by a wire not smaller than the armature wire. 

The machine can be operated for a time in this way. but a new 
armature should be put in as soon as possible. 

RING OF FIRE AROUND THE COMMUTATOR. 

This is caused by small particles of copper betweeen the bars of 
the commutator, making a local short circuit from bar to bar across 
the mica insulation. 

To remedy it. clean the commutator carefully, and do not allow 
the brushes to cut and scratch it. 

BREAKING DOWN OF ONE GENERATOR. 

If one generator of a single pair operating on a three wire system 
breaks down from any cause, the break down switch should at 
once be thrown, providing the total number of lamps burning does 
not exceed the capacity of the remaining generator, which will then 
be Supplying current for those lamps on, practically, a two-wire 
system. Should the total number of lamps burning exceed the 
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capacity of the remaining generator, those on the side of the disabled 
generator must be thrown off. the remaining generator simply 
supplying current to its own lamps. In this event, the break-down 

switch will not be used. 

any < ase the disabled generator should be thrown off the y n/Vav 

at once. 



REVERSAL OF POLARITY OF MAGNETS. 

Reversal of polarity of a generator which is one of two or more 
i onnected in multiple is equivalent to a dead short circuit, and. if it 
does not blow a fuse or throw off a belt, will probably burn out an 

armature. 

Reversal of polarity of one of a single pair of generators working 
ties on a three-wire system will tend to send all th* current 
through the neutral wire, which will cause the lights to burn dim. and 
up the current to the company on all meters on the reversed 

side. \ 

If the reversed generator should he switched in with another not 
on the same side further trouble is caused. If generators 

supplying current through meters should all be reversed, the meter* 

w ill all be caused to read backward. 

man having a generator under his c are, should be perfectly 

familiar with the proper methods of charging a reversed or demag- 

ti/ed rield. 

\ compass lor testing polarity can be had for a small sum. In 
11 ' nler &ency a magnetized steel needle attached to a silk thread will 
answer every purpose. Do not trust to the mark on the compass. Uit 
e for yourself which way it points, and remember that the north 
pole of the compass points to the south pole of the generator. 

Generators on the three-wire system may be reversed under the 
lollowing conditions: 

A n /ersal o( the polarity of the held magnets sometimes takes 

place when Marling up. 
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This may be due to the influence of another generator in close 
proximity to it. 

The induction of a strong magnet may be sufficient to reverse the 
slight permanent magnetism of the generator at rest. 

THE FIELD OF A GENERATOR MAY BE 
REVERSED: 

By the current of a second generator in series with it while in 
operation, if the brushes of the first generator are accidentally raised 
or its current broken in any way between the points to which the field 
circuit is connected. 

By lifting the brushes before throwing out the switch. 

By burning out the safety catches which are on some of the old 
style generators. 

By crosses on the lines. 

By 200 volt motors. This is more apt to occur during a light 
load, when the motor is thrown on with a heavy load. 

If one side of the system becomes reversed, it will show the fact 
by 1<>\\ pressure and by the indicators on that side reversing, and by 
the neutral "bus" becoming very hot and the neutral ampere meter 
indicating a very heavy load ; also, no difference of potential between 
— and — " bus." 

To correct the machines open the circuit switch, raise the brushes 
and throw the generator-changing switch on the side not reversed, and 
leave it about a minute. Then, after raising the field on it. test the 
polarity of the machine with test paper, or by the methods mentioned 
on page 44. 

EFFECTS OF LIGHTNING. 
Lightning is to be feared as a property-destroying agent merely. 
( >ne <>f the safest places to be in during a thunder storm is an electric 
light station. Where damage has happened to a generator caused by 
Hghtning, the occasion has been found in the absence of the proper 
.safeguards or in some faulty work in connection with them. 
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No effects of lightning will be felt on Edison systems with street 
conductors entirely underground. Where there are very long outdoor 
pole lines similar effects occur as on telegraph and telephone lines, 
and somewhat similar precautions should be taken to prevent injure 

to apparatus. 

The usual result of lightning freaks are the breaking of lamp 
carbons, melting of fuses, and damaging of generators, by injury to 
the insulation or reversing and demagnetizing. 

For the protection of the generator in systems having long over- 
head lines special precautions should be taken in the way of perfectly 
insulating the base from the ground. Direct connection of water or 
drip pipes to the generator is to be avoided, and even the proximity 
of such pipes, when lightning is specially to be guarded against, is 
objected to. Lightning arresters, when used, should be in plain sight. 
Fuses on such arresters must be promptly replaced. GroutfO wires 
and connections are particularly important and must be kept intact 
and in good condition. 

The following will always guide you in recharging a generator: 

I. — Raise the brushes of the demagnetized or reversed generator. 

II. — By the double changing switch throw it in multiple arc with 
one which is running all right on the other side of the system. 

III. — Close the single generator switch for an instant. 
This does not take over thirty seconds. 

The previous instructions given for tests of field and armatures 
for crosses and grounds, and also for demagnetization and reversal of 
polarity fully cover the important points for immediate investigation 

of damage and the proper remedy to apply. 

CROSSES ON STREET CONDUCTORS. 

These troubles are not of frequent occurrence and principally 
happen on overhead systems, due to severe storms causing the drop- 
ping of telephone or telegraph wires across the electric light circuits. 

It is estimated that all crosses c an be prevented by the use of 
wire having durable weather proof insulation, and by careful and 
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thorough construction of the pole line system. Nevertheless, the fact 
remains (in the absence of these precautions, in many cases due to 
lack of original investment) that crosses occur, and it therefore be- 
comes our duty to give such instructions as will enable the station 
operator to clear his lines and thus avoid more serious damage. 

In this particular the operators must work with promptness and 
decision. 

When a leak appears on the system, whether a ground or a cross, 
additional generators must be thrown in on the faulty side. As much 
current as possible must be forced into the leak, in order to burn out 
the fault or safety fuses, if possible, and to keep the lights up to candle 
power. 

The fault should then be located and corrected at once. 

If a heavy cross or ground shows on the line, and the lights burn 
low or go out, vigorous measures must be taken at once. Such a 
fault usually occurs when there is a light load on the system, and 
insufficient current being generated to melt the safety fuses. 

To clear out the cross, start up two or three generators, and get 
their pressures up until the pilot lamps show somewhat less than full 
candle power. 

The changing switches should be so adjusted as to throw all the 
generators on the faulty side. 

Then everything being in readiness, at a given signal close all the 
circuit switches. At the same instant the rocker arms should be pulled 
over and the brushes adjusted. To achieve success, the men must 
act in unison and quickly. 

If the fault is not cleared, the generators must be thrown out and 
the operation repeated with more generators. 

The above described method is usually successful in clearing the 
fault or fusing the nearest safety catches, after which the lights on 
that side will come up again. 

CAUTION. 

Great care must be taken, when the fault disappears, that the 
pressure on the system does not come up too high and injure the lamps. 



FACTS TO BE REMEMBERED. 



1. Be sure that the speed of the generator is right. 

2. Be sure that all the belts are sufficiently tight. 

3. Be sure that all connections are firm and make good 

contact. 

4. Keep every part of the machine and generator room 

scrupulously clean. 

5. Keep all the insulations free from metal dust or 
gritty substances. 

6. Do not allow the insulation of the circuit to become 
impaired in any way. 

7. Keep all bearings of the machine well oiled. 

8. Keep the brushes properly set and see to it that they 
do not cut or scratch the commutator. 

9. If the brushes spark, locate the trouble and rectify 
it at once, AS NO EXCUSE WILL BE ACCEPTED FOR 
SPARKING. 

10. The durability of the commutator and brushes de- 
pends on the care exercised by the person in charge of the 

generator. 

11. At intervals the generators must be disconnected from 
the circuit and thoroughly tested for leakage and grounds. 

12. In stations running less than 24 hours per day, the 
circuit should be thoroughly tested and grounds removed (if 
any are found) before current is turned on. 

13. Before throwing generators in circuit with others 
running in multiple, be sure the pressure is the same as 
that of the circuit, then close the switch. 

14. Be sure each generator in circuit is so regulated as 
to have its full share of load, and keep it so by use of 
resistance box. 

Each central station manager is advised to drill his subordinates 
(as lar as possible) in all the foregoing details, so as to make them 
prompt in action and less liable to error in case of emergency. 

F or further instruction or information please address the nearest 

office of the Company. 



LIST OF PARTS, EDISON GENERATOR, 
" 1885 TYPE." 



1. Rails. 

2. Adjusting Kail-Holts. 

3. Bed-Plate. 

4. Zinc Bases for Fields. 

5. Pole Pieces. 

6. Conductor Rods. 

7. Field Coils and Cores. 

8. Lower Screws, field cores to 

pole pieces. 

9. Bolts for attaching keeper to 

pole pieces. 

10. W asher for same. 

1 1 . Keeper. 

12. Blackboard and field coil ter- 

minal blocks. 

13. Bolts for same. 

14. Head-board. 

15. Bolts for same. 

16. Rib Side-Plate. 

17. Panel Side-Plate for Name- 

plate. 

18. Pillow Block Case, Commu- 

tator End. 
j 9. Pillow Block Complete. Pulley 
End. 

20. Drip Cock for self-oiling 
bearings. 



21. Bearing Sleeve for self-oiling 

bearings. 

22. Rings for self-oiling bearings. 
2}. Cap for Pillow Block. Commu- 
tator End. 

2 \. Armature complete. 
25. Commutator complete. 
2(>. Comt. Cap for ends of Arma- 
ture coils. 

27. Armature Pulley. 

28. Brush Yoke. 

29. Bolt for same. 

30. Spring Washer for adjusting 

tension. 

31. Thumb Screw for Yoke. 

32. Brush-Holder Complete. 

53. Insulating Blocks for Brush- 
Holder. 

$4. Insulating Washer for Brush- 

Holder. - 
55. Brushes. 

36. Foot-Boards. 

37. Brush-Holder Cables. 

38. Wire Screen for protecting 

Armature. 

39. Brush Filing Jig. 

40. Generator Wrench. 
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TYPE D AND SPHERICAL INCANDESCENT 
GENERATORS. 

The directions given in the preceeding pages will apply in large 
part to the installation and operation of the " D " and Spherical 
Incandescent Generators. 

The accompanying diagrams and illustrations show the features 
of these machines which are not common to the Edison bipolar 
machines. 
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CONNECTIONS OF D-2, D-3, D-5, D-10, D-15 

SHUNT GENERATORS. 




GENERAL ELECTRIC CO. 
No. 3497. March 31, 1892. 
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CONNECTIONS OF D-3, D-5, D-10, D-15 

125 VOLT COMPOUND GENERATORS. 




GENERAL ELECTRIC CO. 
No. 3502. April 8, 1892. 



COMMUTATOR DATA TYPE D GENERATORS. 



GENERA TOR. 


r 

Number 
of 

Till * 11 t V 

* CfC 111 1 1 1 1 3i 


Diameter of Active 
Surface. 


Useful Length 
of 

Com mutator. 


Class. 


Volts. 


Normal. 


Minimum.' 


A 


126 




32 


2*8" 




HI" 




•'.">< i 
- 


64 


3g" 


O l " 


w 




."pOII 


<;4 


32 " 


H" 




;{ 






3g" 


2 i " 




3 




114 


3i" 


2 I 


nr 


3 


500 


64 


3 % " 


2 J " 


li/s" 


™ 


125 


64 


3| " 


2|" 








64 


3 2 " 




3i 3 «" 




- ( K ) 


64 


3g" 


2 1 " 


q 3 II 

o\s 


7A 


r_'"> 


4H 


3 


IS" 


3&" 


- 1_ 


•J.'iO 


64 


3g" 


2 § 


3A" 




500 


C,4 


3g" 


2 | " 


3A" 




1 ■ ss 


44 


4,|>" 


3 J " 


4 " 




250 


r><> 


^5 " 


3 


4 " 


10 


r>( )( i 


r.4 


41" 


3|" 


4 " 


15 


1 25 


44 


45" 


3 I " 


4 " 


15 


260 


8S 


4S" 


3 1" 


4 " 


IS 


51 it » 


88 


4|" 


3 I " 


4 " 




126 


SO 


6 


H" 




~ 


251 1 


80 


6 


4 J 






51 M > 


80 


6 " 


41" 






1 ' J.~> 




6 A " 


41 " 


6i s 8 " 








G A " 


4£ " 


GiV 




ii i 




6i« 


4& " 


6&" 


go 


125 


To long 




H " 


6iV 


30 


250 


70 long 




5£ " 




30 


:>i ii i 


70 shi »rt 




5 8 " 




4D 


125 


60 




5f 


6 2 " 


4D 


SA) 


60 


7 | " 


55" 


6 2 " 


40 


Mill 


00 


7 i " 


55 " 


J g " 


.Ml 


125 


60 Long 


8i " 


6|" 


7 A" 


.*»0 


260 


50 long 


8} ' 


o 8 " 




60 


id 


50 short 


8 \ " 


6 g " 




r.'j 


125 


4_» 


8i" 


6J" 


- i " 


o-j 


J.*>i » 


90 long 


8|" 


6§" 






500 


90 short 


8g" 


6 2 " 




'.Ml 


125 


44 


io 2 " 


7 5 " 


11 I 


'.10 


251 1 


HH 


12 I " 


10 5" 




90 


51 ii i 


88 


12 |" 


M> I" 





* Least possible safe thickness. 
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SPEEDS OF TYPE I) GENERATORS. 



KII OW AI IS RATI V j AT no. 220 AND 500 VOL I V 

S B IJS 10 L6 BO .'"» 00 00 00 00 00 



O 

KM) 

109 
11<> 
115 
120 
125 
130 


AMI'ERl S 
IS 2 7 |8 OS 01 


If 100-130 VOLT GSITEKATOML 
UO is-; 001 079 BOi 


|M OBI 


SIS 

050 
000 

720 

750 
7 ho 
0J9 

H50 


2000 
2100 
2200 
2300 
2400 
2500 
2000 


li«o 

2020 

mo 

2210 
2.100 
2400 
2500 


1K20 

i.»m 

■00 

21 HO 

2250 
2350 


1001 
1790 

1 100 
IKK) 
11HJ0 
2050 
2120 


14'NI 

u:u 

1"4>» 
1000 

|00D 


1 •_•<«» 

1900 

U00 

i . o 
1 100 
n <> 
i .... 


UOJ 
UUOJ 
1900 
1900 
1900 
UOJ 
MO0 


0VJO 

1100 
L10O 
1900 
1900 
1900 
1000 


1000 

1000 

1KN. 

1190 
1909 
1900 
1900 


;»5o 
1000 
1000 
1990 

1125 
117(1 

122« 


001 

NNlt 

'.♦20 
•ISO 

1901 
0OJO 


BJ0 
7!W 
H20 

m 

H70' 
•Ol 

900 




AM TURKS OF 220-200 VOLT GENERATORS. 

VLB -*:.-, :i tr, os «»l m i.ms is; 


if, ;h2 


000 


220 
230 
240 
250 
200 


2900 2110 
2300 2210 
2400 2300 
2500 ! 2400 
24100 j 2500 


not 

M00 
1109 

2250 

UOJ 


1H00 
1KH0 

2120 


IM0 
|000 

WHO 

1190 
1HJ0 


U00 
DOJ0 
U00 
140) 
1000 


1900 
1900 
1300 

1350 
IIBI 


n 
1900 

1 550 

UOQ 
i . 


1900 
1190 
1900 
1900 
I90J 


1(150 

1900 

117 . 

U90 

ton 


0OJ 
«c«o 

i«-j" 


* 

K40 

h7o 

'.«NI 

•.•;n» 


«, 

::io 

7ho 

no 

H50 




1 t, lo 1 ;o 


► 500-550 VOLT OKN K R AT<>RS._ 

:o io -,o oo so loo i.v, 


1 SO 


0J 


9000 

90J0 


2400 

2520 


2250 

ton 

2570 


205(1 
2150 
2250 


1750 
IK40 
1*30 


1 1 •» 

1520 
1000 


1350 
I4J0 

1 4 **' • 


1900 
1 ua. 

M0O 


1250 
131(1 
1370 


11 To 
1230 

l OJ0 


1020 
1070 
11211 




Mill 



6^.13,1891. 



Spherical ^^ - chicf^(ateh fjuffifoiiy . 



— 






2>4. 


QA. 


4-4 


J>5J. 




7t»a 


12 a Q 


22 50. 


HH00. 




\600. 




12 50. 


1 1 50. 




60. 


1 25 


250. 


H50 




HOOO 


8000 


\6000. 


30000. 


a 


S\ 


3\ 


\1% 


- \S\ 




\e\ 


25'z 


32 't 


HO'i 


I? 


3\ 


37 -* 


H8 


62 ' H 


5) 


7 


£> 


12 


15 


6. 


J 


7 


10 


12 


5 


\\ 


r* 


2\ 


2 '* 


g 




27* 


33 \ 


5S * 




\H i 


ITS 


23 i 


2fS \ 




\2\ 


1 4 


\9 J s 


25% 


K. 


I7i 


2 1* 


27* 




X. 






H5\ 


54 




23 \ 


2S',« 


38 J , 6 


4** 
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COMMUTATOR DATA SPHERICAL INCANDESCENT. 



CLASS. 


VOLTS. 


K.W. 


M If BER 


DIA. ACTIVK SURFACE. 


USEFUL 
LENGTH 
OF 

COMMUTA- 
TOR. 


M t,\| K N T > . 


Normal. 


^Minimum. 


Bl 




3.84 


48 


3 " 


11" 


3T 


BJ 


110 




48 


3 " 


i: 


S\" 


CI 




7.G8 


4* 


3 " 


i*" 


31i" 


CI 




7.C8 


48 


3 " 


u" 


w 


El 


75 


144 


<4 


4; 


■sy 


411" 


EI 


110 


14.40 


88 


4," 


3i'' 


4U" 


HI 


75 


JN.SO 


44 


ti 1 


4i 


og" 


III 


110 


28.80 


<;4 


5&" 


4i " 


(jg " 



♦Minimum is least safe diameter. 



